Contact: t-wu@nwu.edu Rheumatoid factors are auto-antibodies which bind the Fc portion of autologous immunoglobulin G molecules. Since the etiology of the production of such autoantibodies is unclear, we try to match the amino acid and nucleotide sequences of their heavy chain third complementarity determining (CDRH3) and fourth framework (FRH4) regions to other antibodies with known specificities, in the hope of discovering possible underlying mechanisms for their aberrant production.
1998) does not seem to play a role in the generation of mouse rheumatoid factors.
An alternative possibility is that during the production of very specific antibodies toward the stimulating antigen, other unrelated antibodies are also produced. Various D-J re-arrangements occur continuously, followed by V-D joining. After the introduction of a foreign antigen into the mouse, if some of the resulting CDRH3 amino acid sequences can bind the foreign antigen, the production of these antibodies are then sustained by the presence of the foreign antigen or its processed peptide. If after D-J re-arrangement, an undesirable V-gene joins on and the resulting CDRH3 cannot bind the foreign antigen, that antibody will not be produced at any significant level. However, if the aberrant CDRH3 can bind the Fc portion of an immunoglobulin, a rheumatoid factor can result. A recent crystal structure of rheumatoid factor Fab together with IgG Fc suggested that the binding occurred on the edge of the conventional site and might involve other molecules (Sutton et al., 2000) .
Therefore, if this is the mechanism of rheumatoid factor production, portions of the amino acid sequence coded by D-and J-minigenes, together with possible N-or Psegments, i.e. most of CDRH3 and the entire FRH4, of certain rheumatoid factors should match corresponding segments of other antibodies with known specificities. If the nucleotide sequences are also determined, similar matches at the DNA level should also be found. We have found seven such matches for mouse rheumatoid factors, out of a total of 37 available sequences in this region. The longest match is illustrated in the present discovery note.
Aligned amino acid and nucleotide sequences are from the Kabat database available through our WEB server , http://immuno.bme.nwu.edu), where the Kabat numbering system is used. database of aligned sequences. With newly developed computer tools, it is possible to extract all mouse rheumatoid factor heavy chain sequences and compare their CDRH3 amino acid and nucleotide sequences with all other sequences in the database. In the present study, a segment of seven consecutive amino acid residues in the CDRH3 regions of 37 mouse rheumatoid factors with complete CDRH3-FRH4 segments are screened against all other heavy chain sequences. Additionally, only those with identical amino acid sequences in the FRH4 region are considered. If nucleotide sequences are available, they are also compared. The longest amino acid sequence match in the CDRH3-FRH4 region found in our study is shown in Figure 1a . Mouse rheumatoid factor RF-2 (Stanley et al., 1992) matches with mouse anti-blood group N substance antibody N61 (Czerwinski et al., 1994) for 22 consecutive amino acid residues from position 100C to 113 (Kabat numbering system). We have shifted the sequences so that the gaps are introduced in front of the matched regions, i.e. 97 to 100B for RF-2 and 96 to 100B for N61. Also shown is the amino acid sequence derived from JH4-minigene present in both RF-2 and N61. As to the rest of their heavy chain variable regions, there are only sporadic matches. Positions with identical amino acid residues for both sequences are marked by * between them.
The nucleotide sequences for RF-2 and N61 from codon 90 to 113 are shown in Figure 1b . There is only one mismatch in a stretch of 62 consecutive bases in the region of CDRH3-FRH4, for codons 100C to 112.
There are six other matches with shorter segments of identical amino acid sequences in the CDRH3-FRH4 region. Their nucleotide sequences, if available, also show similar features. They can be found in the WEB server mentioned above. All seven rheumatoid factors are IgM's.
Rheumatoid factor A34 matches with antibody H220-7 for 19 consecutive amino acid residues, and has only one mismatch in a stretch of 58 bases in the CDRH3-FRH4 region. Similarly, RF-7 matches TEPC601 also for 19 consecutive amino acid residues, but the nucleotide sequence of the latter has not been determined.
JV10 matches with 40-150 A2.4 for 18 consecutive amino acid residues and 55 consecutive bases. RF-1 matches HY GAL3 also for 18 consecutive amino acid residues, but the nucleotide sequence of the latter is not available.
JV5 matches 165.14 for 17 consecutive amino acid residues and 54 consecutive bases.
RF34 matches MRL3-45 for 13 consecutive amino acid residues and 40 consecutive bases. The last five codons of the J-minigene of RF34 was not determined.
When an animal is immunized against a certain antigen, various antibodies with different binding affinities are produced. On repeated immunization, presumably those AVYYCARGG------YYRYDVGAMDYWGQGTSVTVSS * **** ********************** N61
ATYYCAKA
** ******** * ** *************** N61 tactactgtgccaaagcc--------------------tactataggtacgac 101 110 | | RF-2 gtaggggctatggactactggggtcaaggaacctcagtcaccgtctctagc ** ******************************************** N61 gttggggctatggactactggggtcaaggaacctcagtcaccgtctcctca JH4 gctatggactactggggtcaaggaacctcagtcaccgtctcctca with high binding affinities will predominate. In addition, mutations and secondary V-D-J re-arrangements of heavy chain genes (Bertrand et al., 1998; De Wildt et al., 1999) can occur to further improve the specificity and affinity.
In our present study, we have found seven cases, out of a total of 37 mouse rheumatoid factors with known amino acid sequences (some with known nucleotide sequences also) for the CDRH3-FRH4 region matching other mouse antibodies with known specificities. The antigens which these other antibodies can bind include blood group N substance, Cb site of influenza virus hemaglutinin, nuclear particles U3 and U8, digoxin, beta-1,6-D-galactan, alpha-1,6-dextran, etc. The chance of finding such matches on random basis is indeed very rare. Our result, therefore, seems to support the idea that in the mouse system, rheumatoid factors and possibly other auto-antibodies, e.g. anti-DNA antibodies, can be by-products of the normal process of antibody production after challenging with foreign antigens. The basic mechanism is not molecular mimicry of the Fc portion of autologous IgG molecules to the foreign antigens (Oldstone, 1998) but rather the random joining of various V-genes to the foreign antigen selected D-J re-arranged gene segment, or secondary rearrangements, giving rise to auto-antibodies of totally different specificities.
The success of our finding such matches in mouse is most likely due to the fact that subsequent point mutations in completely re-arranged V-D-J genes are relatively rare (Patterman et al., 2000) as compared with human genes. Indeed, rheumatoid factor sequences from patients with rheumatoid arthritis are continuously changing as disease progresses (Saraux et al., 1997) . Thus, we need to modify our present approach of directly matching amino acid or nucleotide sequences to allow for a certain number of mismatches in order to study the complicated nature of human rheumatoid factors Zhang et al., 1998) .
